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(57) Die Erfindung betrifft eine transparente, biaxial 
orientierte Polyesterfolie, die mindestens 80 Gew.-% 
thermoplastischen Polyester enthalt und zusatzlich ein 
spezielles Pigmentsystem in einer Menge im Bereich 
von 0,05 bis 0,5 Gew.-%. Die Erfindung betrifft weiterh in 



ein Verfahren fur ihre Herstellung und ihre Verwendung 
als Verpackungsfolie, fur die Metallisierung oder die ke- 
ramische Beschichtung, und fur Anwendungen im indu- 
striellen Sektor, als Substrat fur Pragefolien. 
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ABSTRACT 



The invention relates to a transparent, biaxially oriented 
polyester film which comprises at least 80% by weight of 
thermoplastic polyester and also comprises an amount in the 
range from 0.05 to 0.5% by weight of a specific pigment 
system. The invention further relates to a process for pro- 
ducing the film. The film can be used as a packaging film, 
or for metalizing or ceramic coating, and in applications in 
the industrial sector, as a substrate for stamping foils. 
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TRANSPARENT, BIAXIALLY ORIENTED 
POLYESTER FILM 

BACKGROUND OF THE INVENTION 
at least 80% by weight of thermoplastic polyester Th* 
['JUS. 1 ^ l " l) * s,t ' Sta ' , 'fc"iv e aii 0 „ to , tOT1 „ ri ™ 

a substrate for stamping films. g ' 35 

Efi J" ? e g*** indush y is a high level of 

purposes. The problem wXfihnSect S h^T ^ 

polyester films can be^mproveo ' ° neDted 

fiT^cfh^l^^^ 0 -^ Poster 
mm wnicn has at least one outer layer (AS whirh ™™!T 

TZrt^V' r * r hyer ^ has a certain thickness and 
S 'of* 6 of "^^'ion. which is deS^wS 



Saok^rilm 3 ~ * ^ ^ 

[0007] EP-A-0 604 057 describes a transparent multilayer 
fita which encompasses a primary 
from polymer material and substantially free from fiUe J 
and having, on one of its surfaces, a secondary hZ whfch 
15 made fr0ffl P0«ym« material and whkh^^ 



rm^an^ f ^ mlMtolW ^ 0fsm " ne ^with 
a median particle diameter of from 1.5 to 12.5 tan A 
d^dvanuge of the silicone particles is that theTare" 

S f?,^ Md d ° 001 an accept 

solution for the packaging market. In addition, films 
Wed wft , pigments of this type tend to te^opeTn 
wmdmg. Nor does mat specification give any indSn at 

for?iI5r tOPOgraphy ° f 5,10,1 8 ««"» * to ^ adjusted 
for simultaneous unprovement of gloss and windability. 

fita in IvT *? M ° nen,ed ^'alizable thermopile 

S;;^ one of 1,16 ou,er «■£« an 

additive. The additives are conventional inert inoreanic or 

Z;^. 2 ! T ■* W at a ^Dcentration of from 1 to 25% bv 
we«bt to me outer layeis. Toe particle size here is bo* ,2 to 
20^m The laminates may be metalized with aluminum for 

ftXTTF ° r ^ f ° r *P~ Although 

me teachmg of this specification enables the process!™ 
pwperhes and me haze of the film to be unproT^Ttnf 
speaficauon gives no teaching concerning improvement m 
the gloss or m the windability of the film P rove meni in 

[0009] EP-A-0 502 745 describes , coextruded biaxiaUv 
SiftF""* 1 * 1 * 16351 ^laye.s.ofSS 

[0010] a) comprises inorganic particles with a mean 
prunary particle size Din the range from 1 to 100 nm 

Srf&of^ 0 " D<T<2 ° 0D " Whe " 

l °°™Li b) ^P™* P^ 1 ^ B with a mean primary 
particle sue Dl m the range from 0.3 to 2 ^m and 
wrtb a primary particle size distribution having a 
relative standard deviation of not more than 0.6, lad 

[0012] c) where the mean primary particle size D of 
> particles A is smaller than the mean primary 
particle size Dl of the particles B. 

teraLS? teaChin8 ° f ^ ******** in particular 
unproves the processing performance of the film. The speci- 
£ offi f chin 6 anting improvement o?£e 
gross or the film, or of its baze or windability. 

ElidI'2jT te 4,1 ° bjeCt of *• P rese « mvention 
eooSli Uy ° nented P 01 ^" fito which has very 
good I optical properties and in particular has very high gloss 
and veiy low haze. The film should also be vervTasvto 
wmd, in particular when the machine roll* p ^ £ 

the film js to be very easy to produce and to process and 
to provide a very good oxygen barrier after meStton or 
after coating with oxidic materials. In summary, the obiec 
wasto^provide a film with the foltowin^bS of 

[0015] high gloss 
[0016] low haze 
[0017] good winding 

[0018] low oxygen transmission of the film after 
metahzing or after coating with oxidic materials 



[0019] low coefficients of friction. 
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[0020] The gloss of the film is intended to be greater than 
150, and the haze lower than 4,0%. The film is intended to 
be very easy to wind, and this means in particular that there 
are to all intents and purposes no longitudinal corrugations 
in customer rolls produced from a machine roll. This applies 
in particular when these are wide customer rolls of high 
running length. It is intended that less than 1.0 cm 3 of 
oxygen per square meter and per day will diffuse through the 
metalized film when it is subjected to air at a pressure of 1 
bar. In respect of other properties, the quality of the film is 
intended to be at least equal to that of the known packaging 
films of this type. The film is also intended to be simple and 
cost-effective to produce, and to be very easy to process on 
conventional machinery. The coefficient of friction on both 
surfaces is intended to be less than 0.6. 

[0021] A further intention is to ensure that cut material 
arising during film production can be reintroduced to the 
manufacturing process as regrind in amounts of up to 60% 
by weight, based on the total weight of the film, without any 
resultant significant adverse effect on the physical or optical 
properties of the film. 

BRIEF DESCRIPTION OF THE INVENTION 

[0022] According to the invention, the object is achieved 
by providing a transparent, biaxially oriented polyester film 
with a layer which comprises at least 80% by weight of 
thermoplastic polyester, where the film also comprises an 
amount in the range from 0.05 to 0.5% by weight, based on 
the total weight of the film, of a pigment system which has 
the following features 

[0023] a) the median diameter (d^) is in the range 
from 1.5 to 5 /an and 

[0024] b) the spread of the distribution, expressed via 
the SPAN 98, is less than or equal to 1.9. 

[0025] The subclaims give preferred embodiments of the 
invention, which are described in more detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 shows a customer roll with clearly visible 
corrugations. 

[0027] FIGS. 2 and 3 show graphs for the determination 
of djo, d 10 and dg 8 of particles 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] According to the invention, the film has one layer 
and preferably comprises at least 90% by weight of a 
thermoplastic polyester. Polyesters suitable for this purpose 
are those made from ethylene glycol and terephthalic acid 
(polyethylene terephthalate, PET), from ethylene glycol and 
naphthalene-2,6-dicarboxylic acid (polyethylene 2,6-naph- 
thalate, PEN), from 1,4-bishydroxymethylcyclohexane and 
terephthalic acid [poly-(l ,4-cyclohexanedimethylene 
terephthalate), PCDT], or else made from ethylene glycol, 
naphthalene-2,6-dicarboxylic acid and biphenyl-4,4'-dicar- 
boxylic acid (polyethylene 2,6-naphthalate bibenzoate, 
PENBB). Particular preference is given to polyesters of 
which at least 90 mol%, preferably at least 95 mol%, is 
composed of ethylene glycol units and terephthalic acid 
units, or of ethylene glycol units and naphthalene-2,6- 



dicarboxylic acid units. In one particularly preferred 
embodiment, the film is composed of polyethylene tereph- 
thalate bomopolymer. The remaining monomer units derive 
from other aliphatic, cycloaliphatic or aromatic diols and, 
respectively, dicarboxylic acids. 

[0029] Other examples of suitable aliphatic diols are dieth- 
ylene glycol, trie thy lene glycol, aliphatic glycols of the 
formula HO— (CHJn — OH, where n is an integer from 3 to 
6, in particular 1,3-propanediol, 1,4-butanediol, 1,5-pen- 
tanediol and 1,6-hexanediol, and branched aliphatic glycols 
having up to 6 carbon atoms. Among the cycloaliphatic 
diols, mention should be made of cyclohexanediols, in 
particular 1,4-cyclohexanediol. Examples of other suitable 
aromatic diols have the formula HO — C 6 H 4 . X __ C6 H 4 — OH, 
where X is — CH 2 — , — CfCH^— — C(CF 3 )2— — O— , 
— S — or — S0 2 — . Bisphenols of the formula HO — CgH 4 — 
CgH 4 — OH are also very suitable. 

[0030] Other aromatic dicarboxylic acids are preferably 
benzenedicarboxylic acids, naphthalene dicarboxylic acids 
(such as naphthalene- 1,4- or -1,6-dicarboxylic acid), biphe- 
nyl-x,x'-dicarboxylic acids (in particular biphenyl-4,4'-di- 
carboxylic acid), diphenylacetylene-x,x' -dicarboxylic acids 
(in particular diphenylacetylene-4,4'-dicarboxylic acid) or 
stilbene-XjX'-dicarboxylic acids. Among the cycloaliphatic 
dicarboxylic acids, mention should be made of cyclohex- 
anedicarboxylic acids (in particular cyclohexane-l,4-dicar- 
boxylic acid). Among the aliphatic dicarboxylic acids, the 
C s -C 19 alkanediacids are particularly suitable, and the alkane 
moiety here may be straight-chain or branched. 

[0031] One way of preparing the polyesters is the trans* 
esterification process. Here, the starting materials are dicar- 
boxylic esters and diols, which are reacted using the cus- 
tomary transesterification catalysts, such as the salts of zinc, 
of calcium, of lithium, of magnesium or of manganese. The 
intermediates are then polycondensed in the presence of 
well-known polycondensation catalysts, such as antimony 
trioxide or titanium salts. Another equally good preparation 
method is the direct esterification process in the presence of 
polycondensation catalysts. This starts directly from the 
dicarboxylic acids themselves and the diols. 

[0032] To achieve the desired high gloss, the film com- 
prises an effective amount of from 0.05 to 0.5% by weight, 
based on the total weight of the film, of the pigment system 
of the invention. The particle concentration is from 0.055 to 
0.45% by weight in the preferred embodiment of the film, 
and is from 0.06 to 0.4% by weight in the particularly 
preferred embodiment, and substantially depends on the 
desired optical properties and the running properties of the 
film. 

[0033] Typical particle systems are inorganic and/or 
organic particles, such as calcium carbonate, amorphous 
silica, talc, magnesium carbonate, barium carbonate, cal- 
cium sulfate, barium sulfate, lithium phosphate, calcium 
phosphate, magnesium phosphate, aluminum oxide, lithium 
fluoride, the calcium, barium, zinc or manganese salts of the 
dicarboxylic acids used, carbon black, titanium dioxide, 
kaolin or crosslinked polymer particles, e.g. polystyrene 
particles or acrylate particles. 

[0034] It is also possible to select mixtures of two or more 
different particle systems, or mixtures of particle systems of 
the same chemical makeup but of different particle size. The 
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T 3 ?. r «P=*ve advantageous concentrations, ee as a 
glycohc disperse during the polycondensation^r by' wav 
of masterbatcbes during extrusion ^"on. or by way 

He^TT^ 11 ° f ** partic,es fa than 

, d T d ^ Properties ^ trans- 
parency and high gloss) are no longer achieved The film 

the other hand, the concentration of the particles LsnTalfe 
than that prescribed, this adverselv aff^c .L. 
Properties and, respectively, ft 2L5£!*5B 

SeV^Sof J?*" *• Part,Cle ««— —«» 
" ™ 8 ^spread) of the diameter of the oiement m»m 

unity of the film. It has been found that a smaller spread of 
die median diameter brings about a more unifora KeL 
of air layer between the laps of film and thus redu^Ta™ 
tendency toward blocldngTf the lapsTf Sm one 
another, or, respectively, improves windabiUty. 
[0038] To achieve the lowest possible haze the h.ah«. 

rmeteTrn ,n f eS aP ^ eDt SyS,em fa whkh the S 
diameter (the d^) is m the range from 1.5 to 5 0 iim anH .h? 
spread (expressed via the SPAN 98) is less manCe^t 

KL 0 f D ,h he PrefenBd embodimen t, the outer Iayer(A)of 
in w^, 1 Pt ^ at mVeMion "^Prises a pigment system 
m which he median diameter is in the range fiom Wto49 
Am and the spread is less than or equal to 1 8 In the 
particularly preferred embodiment, the fito of t£nJt, 



[0040] If the film comprises a pigment system in which the 
median diameter and the spread are outride the inventive 

Witt" a r* icukriy sdveKe effec « * ^ S! 

ity of the film. There can also be an adverse resultant a ff£. 
on the transparency of the film and its ^ dfcct 

StT? W0ckin 8 of the film hpf S?S2 
another. The customer rolls produced from the mlchine roll 

corrugations, as illustrated in FIG. 1 where » mm,K», * 



Wgh running length (greater than 24 000 m) in particular 
have a strong tendency toward formation of these toS 

wfth th^T ati0nS - ? D a 5 iti0n ' ft h3s been found films 
with the abovementioned pigment system which is unfavor- 

exace^.^ e , P T SeS ° f ' hc presem mvention have an 
exacerbated tendency toward loss of transparency and 
toward reduced gloss. y ™ 

PW42] If the film comprises a pigment system in which the 

CLfSL- ' ttU f likeW1Se 0811 h^me noticeable in 
unpaired winding and impaired optical properties. The large 

Z^,, If"" P ! gmen, particles ^oaT distribution of 
E r? ^ 5,1,411 P4rticle ^^r) form a large 
numberofscattenng centers in the film, and these reduce not 
only he transparency of the film but also its gloss. AuX 
™ pawneDt of *• ^indability of the roll, and 

eter^oft , h * gt rc deSCribed ab0ve - With median dham- 
eters of less than 15 pn there is also a very pronounced 

KL' 11 wlf 66 " 1 embodim Mt, the gloss-appearance 
film is described by the following further parameter: 

[0044] a) The roughness of the film, expressed by its 
R.-vahie, is in the range from 30 to 150 nm, pref- 
erably from 35 to 140 nm, particularly preferably 
from 40 to 130 nm. Roughness values smaller than 
30 nm have an adverse effect on running properties 
when the claimed particle system is used, and values 
greatenhan 130 nm impair the optical properties of 

[0045] b) The value measured for surface gas flow is 
TJt%T g :l^ m 4 ,0 200 * P refe "Wy in the range 
bom 5 to 180 s. At values above 200 the wfadabilitV 
ol the film is adversely affected. 

L^ 6] J^, fito may ako emprise customary additives 
such as subibzera. Phosphorus compounds, such as E 

£ '^^^^^^^eouslyus^ 



SSi 1116 total thickness of "6 polyester film of the 
from 3^ «o ay ^ Wlthm ^ » is in the range 
irom 5 to " 4 '° Prefer ^ 

Ml ^e invention also provides a process for produc- 

Srfi e f„° n fi ? ne 0r l . m0re roUs for soHdification P and the 
sohddied prefilm is then biaxially stretched (oriented) and 

at y "" d £ d film " hMt - Set - bere WtopS 
tt«mSr ° f flame - trea ' ed 011 ^ sur&ce intended for 

SriM ^ WaXial Stretcmn 8 (orientation) is generally 
stS ° ? qUe i'!^ y ' We ^ of WaxTal 
dkaT.wf„ P ,h ened u being ^ which filst streto hes longitu- 
2 "^' dire ?tion) and then stretches in- 
versely (perpendicularly to the machine direction). 

DW51] As is usual in extrusion, the polymer or the poly- 
mer mixture is hra, compressed and prized Zitl 



ft 
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homogenized in an extruder, at which juncture any additives 
used may already be present in the polymer or the polymer 
mixture. The melt is then extruded through a flat-film die 
(slot die), and the extruded melt is drawn off on one or more 
take-off rolls, whereupon the melt cools and solidifies to 
form a prefilm. 

[0052] The biaxial stretching is generally carried out 
sequentially, preferably stretching the prefilm first longitu- 
dinally (i.e. in the machine direction-MD) and then stretch- 
ing transversely (i.e. perpendicularly to the machine direc- 
tion-ID). This leads to orientation of the polymer chains in 
space. The longitudinal stretching may be carried out with 
the aid of two rolls rotating at different speeds corresponding 
to the desired stretching ratio. For the transverse stretching, 
use is generally made of an appropriate tenter frame, clamp- 
ing both edges of the film and then drawing toward the two 
sides at an elevated temperature, perpendicularly to the 
direction of running. 

[0053] The temperature at which the stretching is carried 
out may vary within a relatively wide range, and depends on 
the properties desired from the film. The longitudinal 
stretching is generally carried out at a temperature in the 
range from 80 to 130° C, and the transverse stretching in the 
range from 90 to 150° C. The longitudinal stretching ratio is 
generally in the range from 2.5:1 to 6:1, preferably from 3: 1 
to 30 5.5:1. The transverse stretching ratio is generally in the 
range from 3.0:1 to 5.0:1, preferably from 3.5:1 to 4.5:1. 
Prior to the transverse stretching, one or both surfaces of the 
film may be in-line coated by known processes. The in-line 
coating may serve, for example, to give improved adhesion 
of a metal layer or of any printing ink subsequently to be 
applied, or else to improve antistatic performance or pro- 
cessing performance. 

[0054] For producing a film with a good oxygen barrier 
(after metalization or after coating with ceramic substances), 
and with improved winding and improved transparency, it 
has proven advantageous for the planar orientation Ap of the 
film to be greater than 0.165, preferably greater than 0.166, 
and very preferably greater than 0.167. 

[0055] The significant variables affecting the planar ori- 
entation Ap have been found to be the process parameters for 
longitudinal and transverse stretching, and also the SV of the 
raw material used. The process parameters include in par- 
ticular the longitudinal and transverse stretching ratios (X^ 
and XtdX me longitudinal and transverse stretching tem- 
peratures (Tmd and T TO ), the film web speed, and the 15 
nature of the stretching, in particular that in the longitudinal 
direction of the machine. 

[0056] For example, if the planar orientation Ap obtained 
on a machine is 0.163 using the parameter set Xmd-3.7 and 



XpD-3.8, the stretching temperatures longitudinally and 
transversely being ^-80-123° C. and ^-80-126° C, 
then lowering the longitudinal stretching temperature to 
T MD -80-U8° C. or lowering the transverse stretching tem- 
perature to Tp5-80-122° C. or increasing the longitudinal 
stretching ratio to Xmd-4.5 or increasing the transverse 
stretching ratio to X^-4.0 gives a planar orientation Ap 
within the desired range. The film web speed here was 370 
m/min and the SV of the material was about 730. The data 
given for longitudinal stretching are based on what is known 
as LTEP stretching, composed of a low-level-orienting 
stretching step (LOE-Low Orientation Elongation) and of a 
highly orienting stretching step (REP-Rapid Elongation 
Process). The ratios obtained using other stretching equip- 
ment are in principle identical, but there may be very slight 
differences in the numerical values for the respective process 
parameters. The temperatures stated are based on the respec- 
tive roll temperatures for longitudinal stretching and on the 
film temperatures measured by IR for transverse stretching. 

[0057] In the heat-setting which follows, the film is held at 
a temperature of from 150 to 250° C. for a period of from 
about 0.1 to 10 s. The film is then wound up in the usual way. 

[0058] After the biaxial stretching, it is preferable for one 
or both surfaces of the film to be corona- or flame treated by 
one of the known methods. The intensity of treatment 
selected is expediently such as to give the film a surface 
tension in the range above 45 mN/m. 

[0059] The film may also be coated to achieve other 
desired properties. Typical coatings are layers with adhe- 
sion-promoting, antistatic, slip-enhancing, or release effect. 
It is, of course, possible for these additional layers to be 
applied to the film by in-line coating using aqueous disper- 
sions after longitudinal strtetching and prior to transverse 
stretching. 

[0060] The film of the invention has excellent optical 
properties, i.e. high gloss and high transparency, very good 
winding performance, and very good processing perfor- 
mance. 

[0061] In addition, it has been ensured that the cut material 
(regrind) arising during film production can be reintroduced 
to the extrusion process in amounts in the range from 20 to 
60% by weight, based on the total weight of the film, without 
any significant resultant adverse effect on the physical 
properties of the film, in particular its appearance. 

[0062] The film therefore has quite excellent suitability for 
use in flexible packaging, and specifically wherever its 
excellent processability can be utilized to full advantage, in 
particular on high-speed packaging machinery. 

[0063] The table below (Table 1) gives the most important 
film properties of the invention again at a glance. 



TABLE 1 



Gloss, 20° 
COF (Friction) 
Average 
roughness R, 
Range of values 
measured for 
surface gas flow 
Other film 
properties 



Inventive 




Particularly 




range 


Preferred 


preferred Unit 


Test Method 


>150 


>155 


>160 


DIN 67530 


<0.6 


<0.55 


<0.50 


DIN 53375 


30-150 


35-140 


40-130 nm 


DIN 4768. Cut- 








off of 0.25 mm 


4-200 


5-180 


6-160 sec 


internal 
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TABLE 1 -continued 



Inventive Particularly 
raD « c Preferred preferred Unit 



Test Method 



<4.0 



<3J 



<3,0 



Planar orientation >0.165 >0.166 &0.167 
Ap (optional) 
°»ygen <i. 0 
transmission after 
metalizatioQ 
of layer A 



<0.95 <o.9 



* ASTM-D 1003- 

52 

internal 

cm 3 / DIN 53380 

(m 2 • d ■ bar) 



[0064] The following test methods were utilized for the 

EE SftS? kvemiOD to characteri2e - » 

[0065] SV (standard viscosity) 

[0066] Standard viscosity SV (DCA) is measured in 
dichloroacetic acid by a method based on DIN 537* 

f!?m« a n!? tri T iC V ^ COsity W » canted as Mows 
ftomstandard viscosity IV (DCA)-6.907*10~'SV (T>CA)+ 

[0068] Coefficient of friction (COF) 

[0069] Coefficient of friction was determined to DIN 53 

[0070] Surface tension 

[0071] Surface tension was determined bv what is 1™™™ 
as the ink method (DIN 53 364). * OWD 

oTgn^ ™J? haze was measured by a method based 
on ASTM-D 1003-52 but, in order to utilize the most 

™T 6 "ITT* ran * e ' measurements were made on 
four laps of film laid one on top of the other, andTr » sfo 

diaphragm was used instead of a 4° pinhole. 

[0073] Gloss 

[0074] Gloss was determined to DIN 67 530. Reflectance 
was measured, as an optical value characteristic of S 
*Stti on the standards ASTM-D 52^78 and SS 
2813 the angle of incidence was set at 200 or 600 A h«m 
of light hits the flat test surface a, the set^ngYe SnclSce 
and is reflected and/or scattered thereby. A pSS 
etectncal variable is displayed representing hght £ 
the photoelectronic detector. The value mfaJLTdS 
smnje^and must be stated together with the anglTof 



the connection to the receiver. The receiver is evacuated to 

l^TT^T 01 mbir m time iD seconds taken ^ ^ 

air to establish a pressure rise of 56 mbar in the receiver is 
determined. Test conditions: receiver is 



Test area 
Weight applied 
Air temperature 
Humidity 

Aggregated gas volume 
Pressure difference 



45.1cm 2 
1276 g 
23° C 

50% relative humidity 
1.2 cm s 
56 mbar 



[0075] Surface gas flow time 

[0076] The principle of the test method is based on the air 
Sat ^ * fl 7! r fr0ID the soundings into an evacuated 

[0077] A round specimen of film is placed on a silicon 
wafer sheet m the middle of which there is a hole proSg 



[0078] Determination of planar orientation Ap 

[0079] Planar orientation is determined by measuring the 
re&actrve index with an Abbe refractometer according to 
internal operating prescription 24. 

[0080] Preparation of specimens: 

[0081] Specimen size and length: from 60 to 100 mm 

[0082] Specimen width: corresponds to prism width of 10 

[ShaJ^T* D "° aDd <■•<>■ ** ^amen to be 
tested has to be cut out from the film with the running edge 
of me specimen running precisely in the direction TD. To 
determine n^ and n (-nj, the specimen to be tested has to 
be cut out from the film with the running edge of the 
specimen running precisely in the direction MD. The speci- 
ZvZI ? be u take 1 D from *» ^ of the film web.Care 

kS £ IE" t °T K,tUr60f ,he *** tactometer 
is zs c. Using a glass rod, a little diiodomethane (N-l 745) 

or duodomewane-bromonaphthalene mixture is applied to 
£ LT^' WUch haS bten c,ea «0 thorough^ before 

L^^ 3 ^ 8 ° f ,he fflix,Ure ™»-* 'S^ter 
man 1 685. The specimen cut out in the direction TD is 
firstly laid on top of this, in such a way that the entire surface 
ofthe prism is covered. Using a paper wipe the film is now 
firmly pressed flat onto the prism, so that it is firmly and 
smoottily positioned thereon. The excess liquid must be 
*e fi2, ^ A ^ ° f ^ teSt * 'hen Vpped on£ 
nle^'fi . SeC0Dd ? mm ,sswm & down and into place and 
pressed firmly mto contact. The right-hand knurled screw is 
Jen used to turn the indicator scale until a transition from 
light to dark can be seen in the field of view in the range 
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from 1.62 to 1.70. If the transition from light to dark is not 
sharp, the colors are brought together using the upper 
knurled screw in such a way that only one light and one dark 
zone are visible. The sharp transition line is brought to the 
crossing point of the two diagonal lines (in the eyepiece) 
using the lower knurled screw. The value now indicated on 
the measurement scale is read off and entered into the test 
record. This is the refractive index n MD in the machine 
direction. The scale is now turned using the lower knurled 
screw until the range visible in the eyepiece is from 1.49 to 
1.50. 

[0084] The refractive index n a or ^ (in the direction of the 
thickness of the film) is then determined. To improve the 
visibility of the transition, which is only weakly visible, a 
polarization film is placed over the eyepiece. This is turned 
until the transition is clearly visible. The same consider- 
ations apply as in the determination of n MD . If the transition 
from light to dark is not sharp (colored), the colors are 
brought together using the upper knurled screw in such a 
way that a sharp transition can be seen. This sharp transition 
line is brought into the crossing point of the two diagonal 
lines using the lower knurled screw, and the value indicated 
on the scale is read off and entered into the table. 

[0085] The specimen is then turned, and the corresponding 
refractive indices n^ and (-nj of the other side are 
measured and entered into an appropriate table. 

[0086] After determining the refractive indices in, respec- 
tively, the direction MD and the direction of the thickness of 
the film, the specimen strip cut out in the direction MD is 
placed in position and the refractive indices and n, (-nj 
are determined accordingly. The strip is turned over, and the 
values for the B side are measured. 

[0087] The values for the A side and the B side are 
combined to give average refractive indices. The orientation 
values are then calculated from the refractive indices using 
the following formulae: 

[0088] An-n^-n™ 
[0089] ApKwO/ 2 -*, 
[0090] n av -(nMD+ihT>+n a )/ 9 

[0091] Measurement of median particle diameter d^ The 
median particle diameter d 50 was determined by laser on a 
Malvern MasterSizer by the standard method (examples of 
other measurement devices are the Horiba LA 500 or 
Sympathec Helos, which use the same principle of measure- 
ment). For the tests, the specimens were placed in a cell with 
water, and this was then placed into the test device. The test 
procedure is automatic and includes the mathematical deter- 
mination of the djo value. 

[0092] The d 30 value here is determined as defined from 
the (relative) cumulative particle size distribution curve: the 
point of intersection of the 50% ordinate with the cumulative 
curve directly gives the desired d 50 value on the abscissa 
axis, as shown more precisely in FIG. 2. 



[0093] Measurement of SPAN 98 

[0094] The test device used to determine SPAN 98 was the 
same as that described above for the determination of 
median diameter d 50 . SPAN 98 is defined here as follows: 

[0095] The (relative) cumulative particle size distribution 
curve is again used as a basis for determining 6g Q and d 10 . 
The point of intersection of the 98% ordinate value with the 
cumulative curve gives the desired d\, 8 value directly on the 
abscissa axis, and the point of intersection of the 10% 
ordinate value with the cumulative curve gives the desired 
d w value directly on the abscissa axis, as shown more 
precisely in FIG. 3. 

EXAMPLE 1 

[0096] Chips made from polyethylene terephthalate (pre- 
pared via the transesterification process using Mn as trans- 
esterification catalyst, Mn concentration: 100 ppm) were 
dried at a temperature of 150° C. to residual moisture below 
100 ppm and fed, with the filler of the invention, to the 
extruder. 

[0097] Extrusion followed by stepwise longitudinal and 
transverse orientation was used to produce a transparent film 
of thickness 12 fan. 

[0098] The precise makeup of the film was: 

[0099] 90% by weight of polyethylene terephthalate 
with SV 800 

[0100] 10% by weight of masterbatch made from 

99% by weight of polyethylene 
[0101] terephthalate and 1.0% by weight of silica 

particles (®Sylysia 320 from Fuji, Japan) with a d 50 

of 2.5 fan and a SPAN 98 of 1.4. 

[0102] The production conditions in each step of the 
process were: 



Extrusion: Temperature 290° C. 

Die width: 25 mm 

Temperature of take-off roll 30° C. 

Longitudinal Temperature 80-126° C 

stretching: Longitudinal stretching ratio: 45 

Transverse Temperature: 80-135° C 

stretching: Transverse stretching ratio: 40 

Setting: Temperature: 230° C. 

Duration: 3 s 



[0103] The film had the required high gloss and the 
required low haze. In addition, the film exhibits the desired 
winding performance and the desired processing perfor- 
mance. 

[0104] The structure of the film and the properties 
achieved in films produced in this way are shown in Tables 
2 and 3. 
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EXAMPLE 2 

[0105] Using Example 1 as a basis, the concentra t io D of 
particte was now increased. Tie result was a marginal 

H 81085 ° f * *» Md « -eS 
the haze. However, windability was again improved. 

EXAMPLE 3 

Kow^S fW-, 1 f 4 b3Sis ' we diameter 

SCS- fc 1,16 h42e - *-S^£SS£ 



TABLE 2-contimied 



Examples 


Film 
Uucknegj 
foa 


s 

Pigment type 


Median 
pigment 
diameter » 
in [pm] 


Pigment 
concentrations 


E5 
CE1 


12 
12 


Sylysia 430 + 
Aerosil TT 600 

SPAN 98 -22 + 
Aerosil TT 600 


3.4 
0.05 
25 
0.04 


1000 
500 

1000 
500 



[0110] 



TABLE 3 



Side A 



Winding 



uot^4T*Z nCe "f Pr0WS8ia8 <* rf< "™°~ of films: 

g-U ™ions on win^^^XSS^S' 1,0 ^ prob,em ' Md ab »""'r » "><" 
++: no tendency to stick to rolls o,7^£?^i£- ? mxs "m performance 

<•«•*. on v^Tyl Jt^^ZT^ °° ^ S P mbicm > "~" » visible longim- 
+: no tendency to stick to roffi or to rSl,^^ 8 P crtonn »''« ^ 

-: tendency to nick to roll. oTto other SS^Tm^^ V™*** performance 

on winding, and poo, processing on pacfa^ng^cMne!y ^ "* ta *«" commons 



EXAMPLE 4 
EXAMPLE 5 

SvX 3 ^t 8 &a T' C 4 35 8 *» coaler pigment 
Sylysia 320 was used instead of Sylysia 430. 

COMPARATIVE EXAMPLE 1 

EL ^ Exampk 1 35 a basis, the formulation was 
X? 051,18 J T^ 0 ^ system with coa^r 

particle size and wider spread. The windabflity of the X 

TABLE 2 



Film 
thickness 

Enmples /mi Pigment type 



El 
E2 
E3 
E4 



Median 

pigment Pigment 

diameter d^ concentrations 
kfran] [ppm] 



12 Sylysia 320 
12 Sylysia 320 
12 Sylysia 430 
12 Sylysia 320 + 
Aerosil TT 600 



25 
25 
3.4 
25 
0.05 



1000 
1800 
1000 
1000 
500 



1. A transparent, biaxially oriented polyester film which 
«ms ■! lem 80% by weight of thermoplastic polyester, 
wherein t^e mm also comprises an amount in the r^from 
005 to 0.5% by weight, based on the total weight of the film 
of a pigment system which has the following features: ' 

a) the median grain diameter (dj is in the range from IS 
to 5 ftm and 

b) the spread of the distribution, expressed via the SPAN 
w», is less than or equal to 1.9. 

2. The transparent polyester film as claimed in claim 1 
which composes a pigment system which has a median' 
gnu diameter («y in the range from 1.6 to 4.9 am 
preferably in the range from 1.7 to 4.8 /an. m 

3 The transparent polyester film as claimed in claim 1 
which comprises a pigment system which has a SPAN 98 of 
less than or equal to 1.8, preferably less than 1 7 

wht^h,V^ Parem ^ 88 cllimed * claim 1. 

whose thickness is in the range from 1 to 50 /an. 

5. The transparent polyester film as claimed in claim 1 
who* gloss is greater than or equal to 150 and whose™ £ 
is less than or equal to 4.0%. 

6Jne transparent polyester film as claimed in claim 1, 
wh«e rougtoess, expressed as its R. value, is in the r^ge 
150 ™> whose value measured for surfa« 
gas flow is m the range from 4 to 200 s. 
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7. The transparent polyester film as claimed in claim 1, 
whose planar orientation Ap is greater than or equal to 0. 165. 

8. A process for producing a transparent polyester film as 
claimed claim 1 by extrusion, in which the polyester is first 
compressed, plasticized, and thus homogenized in an 
extruder, at which juncture any additives provided may 
already be present in the polymer, and in which the melt is 
then pressed through a flat-film die, and the extruded melt is 
drawn off on one or more take-off rolls and solidified to give 
a prefilm, and the solidified prefilm is then biaxially 
stretched, and the biaxially stretched film is heat-set and, 
where appropriate, also corona- or flame-treated on the 
surface intended for treatment, which comprises using a 
longitudinal stretching temperature in the range from 80 to 
130° C. and a transverse stretching temperature in the range 
from 90 to 150° C. and using a longitudinal stretching ratio 



in the range from 2.5:1 to 6:1 and using a transverse 
stretching ratio in the range from 3.0:1 to 5.0:1. 

9. The process as claimed in claim 8, wherein, after 
stretching, the film is heat -set at a temperature of from 150 
to 250° C for a period in the range from 0.1 to 10 s. 

10. The process as claimed in claim 8, wherein one or both 
surfaces of the film are corona- or flame-treated, the inten- 
sity of the treatment being adjusted so as to give a surface 
tension of the film in the range greater than or equal to 45 
mN/m. 

U. The process as claimed in claim 8, wherein cut 
material arising during film production is reintroduced to the 
extrusion process as regrind in amounts in the range from 20 
to 60% by weight, based on the total weight of the film. 

* * * ♦ * 



